The aim of this study is to evaluate the efficiency of public transport operations undertaken in Swedish counties by the public transport authorities (PTA), taking into account the substantial differences in operating conditions between counties. The analysis will be performed using stochastic frontier analysis (SFA) with annual data from 1986 to 2009 for 26 Swedish counties. The analysis shows how the efficiency of the individual counties has changed over time. The results are used to provide a ranking (in terms of efficiency) of the Swedish public transport authorities that can provide a basis for benchmarking. It is concluded that the efficiency of the public transport providers in all counties fell during the observed time period. Defining cost efficiency as the ratio of minimum cost to observed cost, the overall (average) cost efficiency for the industry fell from 85.7% in the eighties to 60.4% for the period from 2000 to 2009. Possible explanations for the development include increased emphasis on route density as well as higher environmental and safety requirements.
Introduction
In a time of increasing concern about global warming and other environmental problems, increased public transport usage is often advanced as part of the solution. In Sweden, as well as in many other countries, public transport is heavily subsidized and controlled by public authorities (Button, 2010) . Subsidization and public control can be justified on theoretical grounds, for the optimal price level and structure result in financial deficits. In other words, left unregulated, the market would provide less public transport at a higher price than the optimal (i.e. social welfare maximizing) (Jansson, 1984 , Small and Parry, 2009 , and Ljungberg, 2010 .
However, there is much evidence of what can be called regulatory failure, rather than market failure, in situations where the public sector provides a service itself or regulates an industry.
In a working market environment, firms operating inefficiently eventually disappear either because of competition or by being bought by someone able to increase their efficiency and thus increase profits. This is obviously not the case with public operations. However, in a time where many countries are in a fiscal crisis, there is increased concern about public sector deficits and the need for efficient use of public funds is apparent. The demand for public funds appears limitless and politicians are hard-pressed not to raise taxes or divert money from other deserving needs such as education, healthcare, childcare or eldercare. Thus it is important to continuously evaluate whether current public transport subsidies are being used optimally.
The aim of this study is to evaluate the efficiency of public transport operations undertaken in Swedish counties by public transport authorities (PTA), taking into account the substantial differences in operating conditions between counties. The choice of evaluating the PTAs in terms of efficiency is due to the fact that in the Swedish public system the PTAs makes the decisions on fares, network design, frequency and what kind of vehicles that are to be used etc. The operators actually driving the vehicles operates under gross contracts and have no influence over the design of the system. 1 In terms of Macario (2001) the Swedish system can be characterized as one in which the authorities have almost all influence and initiative and the operators almost none. (see also Hansson, 2011 , who discuss the dominant influence of the PTAs in the Swedish system. The analysis will be based on annual data from 25 Swedish counties 2 from 1986 to 2009. The results will be used to rank Swedish public transport authorities in terms of efficiency in order to provide a basis for benchmarking.
Efficiency can be defined and analysed in a number of ways. The theoretical foundation for two commonly used methods of analysis, data envelopment analysis (DEA) and stochastic frontier analysis (SFA), can be found in economic theories of production. Both DEA and SFA provide information on how economic agents transform inputs into outputs, i.e. they reflect different aspects of production technology. Briefly, DEA uses mathematical programming (non-parametric) methods to identify the highest output levels that can be obtained (or are obtained by the observed producers) by combining different inputs. In SFA a production function (or its dual, a cost function) is estimated using econometric (parametric) methods in order to identify the highest possible production levels that can be attained given the available production technology (or the lowest cost of providing a production level given the price of inputs used in the production process) (e.g. Färe et al.,1994 , Coelli et al., 2005 and Bogetoft and Otto, 2010 .
Both approaches have been applied to different parts of the transport sector. Recent applications of DEA to the performance of airlines can be found in Barbot et al. (2008) , Barros and Peypoch (2009 ), Bhadra (2009 ), Ouellette et al. (2010 , and Merkert and Hencher (2011) . Examples of DEA applications to the rail industry can be found in Coelli and Perelman (1999) , Rivera-Trujillo (2005) and Merkert et al. (2010) . Recent applications of DEA to public transport operations include Odeck (2008) , Söderberg (2009) and Hirschhausen and Cullmann (2010) . Overviews of earlier results can be found in De Borger et al. (2002) .
De Borger et al. (2002) also provide an overview of SFA applications to public transport operations. A more recent example of an application using a stochastic production frontier method is provided in Lin et al. (2011) . Other examples of stochastic cost frontier applications can be found in Jørgensen et al. (1997) , Dalen and Gomez-Lobo (2003) , Piacenza (2006) , Cambini et al. (2007) , Karlaftis (2010) and Sakai and Shoji (2010) . Cambini et al. (2007) also includes an overview of previous applications.
The present study will be based on an unusually long period of time in which the Swedish public transport sector underwent a series of important changes likely to affect performance. One of the most important was the movement from in-house provision of all services in 1986 to procurement through competitive tendering of almost all traffic by the end of the observation period (Hansson, 2010a) .
Public transport in Sweden
In 1979 a major organizational reform of the Swedish public transport sector took place. It was a reform that since then has had a profound impact on the workings of the local and regional public transport system. It required a Public Transport Authority (PTA) to be established in each county. The PTA:s are most commonly owned by the municipalities and the county council jointly , and were up to the beginning of 2012 responsible for the coordination of public transport operations in the counties. (Act 1978:438) In 1985 the PTA:s were also given the responsibility of issuing licenses for operating public transport services within the county and in practice meant that they had the options of (1) performing the services themselves, in house, acting as an operator themselves or (2) contracting out the service to private companies. In this context, it should be mentioned that before the reform of 1979, public transport services were provided by a mixture of private and publicly owned firms. Before 1960 the sector was dominated by private companies operating without subsidies but increased costs and rising car ownership resulted in many of them being taken over by municipality owned companies during the 1960:s and 1970:s. These companies (including the municipally owned) all operated independently without coordination of fares and service. (Jansson and Wallin, 1991, Alexandesson, 2010) The most important change 1979 was that the fares was coordinated and subsidized trough the PTA:s. (Jansson and Wallin, 1991, Alexandesson, 2010) After 1985, the PTA:s gradually started to implement competitive tendering of the operations. Figure 1 show the development of proportion of services subjected to tendering. Since then the proportion has around 95 % with some municipalities still operating some special services and school transports themselves. ( Despite relying on private companies to perform the actual operations, the PTA:s has retained all network planning as well as decisions on frequency and fares. (Alexandesson, 2010) It has been suggested that this might be a source of inefficiency in the system since the knowledge of the market held by the operators is not utilized in order to optimize services. (Sonesson, 2006 ) Alexandersson et.al. (1998 and Alexandersson and Pyddoke (2003) examine the effects of competition on the costs and draw the conclusion that although initial decreases in costs can be seen from tendering there is no evidence of any long run effects on costs. From 1986 to 2009 the average level of subsidy increased from 54% to 61 %. (For further descriptions and discussions on the organization of Swedish public transport se e.g. Hansson, 2010b) 
Cost Theory and Efficiency Analysis
In general terms, the cost function shows the minimum cost of producing a given quantity of output from the available inputs. Costs are therefore expressed as a function of output level and factor prices, i.e.
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where W is a vector of input prices and Q is the level of output (or a vector of output levels if a multiple output technology is described). The cost function expressed in equation (1) is deterministic and assumes that operations are performed in an efficient (cost-minimizing) manner, which might not be the case in reality. Cost frontiers allow for the possibility of inefficiency in the operations of individual decision-making units:
where C i is the total cost for decision-making unit (DMU) i, using N different inputs in the production of M different kinds of output. Introducing d i as a measure of the inefficiency of decision-making unit i and a random disturbance term i  results in:
In the present case it is assumed that the PTAs use capital, labour and fuel in order to produce passenger trips. 3 The total cost for public transport in county i during the year t (C i,t )
is therefore determined by the number of trips made (q i,t ), the wages of bus drivers (w 1 i,t ), the price of diesel fuel (w 2 i,t ) and the cost of capital (w 3 i,t ). The cost of capital is defined as the interest rate of ten-year government bonds. Nash (1982) and Button (2010) include general discussions on cost relationships in public transport production, while Oum and Walters (1996) provide a discussion on cost functions in transportation research.
Number of trips by all transport modes is used as the relevant output measure. 4 The model (3) allows for the possibility to include multiple outputs and if data were available the number of trips made by different modes could be entered as different types of output if that was appropriate. Data is, however not available but it can be argued that this is not a problem since the relevant output measure actually is how many passengers that is transported (number of trips). To understand why this is so one has to ask what the purpose of operating a public transport system is. The purpose of a public transport system should be to provide mobility, hence meting the demand for transport in the region. The purpose is not to produce a specific amount of trips by bus, train, tram or subway. The choice of which mode to use in meeting the demand should instead be seen as a choice of production technology. Since the different transport modes all exhibit different cost characteristics overall efficiency entails choosing the appropriate mix of transport modes given the demand level. Choosing train as the main mode of transport if the demand level is low or using only busses on links where demand is very high is inefficient (see Tirachini et.al. 2010for a simulation of how cost efficiency of different modes is affected by volume) Therefore the appropriate measure of output is number of trips (or passenger kilometres).
Several functional forms have been applied in empirical studies of public transport costs. The two most commonly used are the Cobb-Douglas function (e.g. Dalen and Gomez-Lobo, 2003; Jørgensen et al., 1997; Lin et al., 2010) or the translog function (e.g. Piacenza, 2006; Cambini et al., 2007; Karlaftis, 2010; Sakai and Shoji, 2010) . Cambini et al. (2007) provide an overview of work done before 2006. The translog function can be seen as a second-order approximation of an unknown function, while the Cobb-Douglas function can be considered to be a first-order approximation. The translog function is therefore often referred to as a flexible functional form since it can mimic the behaviour of any other function. The use of flexible functional forms therefore reduces (removes) the problem of deciding on a specific functional form for the cost relationship. Chambers (1988) provides a thorough discussion of cost functions and the use of flexible forms in applied analysis. A translog cost function for the Swedish PTAs will therefore be used. A further specification of equation (3) is: 
As it is reasonable to assume that the effectiveness of management of the PTAs has changed over time, the measure of inefficiency should be allowed to vary over time in order to capture this. Following Cornwell et al. (1990) , the inefficiency measure will be:
where t reflects time. This will allow the level of inefficiency to vary between counties and over time. It will also allow for the ranking, in terms of efficiency, of a county to change over time. For further discussion of different methods of time-dependent inefficiency, see Coelli et al. (2005) .
The costs required to produce a certain amount of output could also be affected by differences in the production environment. External factors such as demographics and geography are likely to affect the costs of producing a given level of output (e.g. Reifschneider and Stevenson, 1991) . In order to account for some of these effects, the model will also include variables describing the level of urbanisation (U i,t ) in a county as well as the area of the county (A i,t ). Letting
and inserting this in (4) gives the final cost function to be estimated: 2  ,  3  ,  ,  3  ,  2  ,  ,  2  ,  3  ,  2  ,  3  ,  2  3  ,  1  ,  3  ,  1  2  ,  1  ,  2  ,  1  ,  3  ,  3  2  ,  2  ,  , ln ln ln (6) Defining cost efficiency (CE i,t ) of county i, period t, as the ratio of minimum cost to observed cost, it can be shown that (Coelli et al., 2005, Bogetoft and Otto, 2010) 
Overall industry efficiency (IE t ) at period t can then be defined as the average efficiency level for that time period (Coelli et al., 2005, Bogetoft and Otto, 2010) .
Data and key statistics
The study uses annual data from 26 Swedish counties from 1986 to 2009. Due to changes in the county structure and missing data, there were 530 usable observations. The data concerning patronage and costs were provided by the Swedish Public Transport Association (Svenska Lokaltrafikföreningen, SLTF), 6 to which local transport authorities reported key statistics. Data on other variables were obtained from Statistics Sweden (SCB)
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. Stockholm also exhibits the highest production volume in terms of trips per capita. The most expensive public transport trips are undertaken in the county of Kalmar where costs per trip were 282% higher than in Stockholm. The highest cost increase (228%) occurred in Jämtland, whereas the costs in Stockholm only increased by 28%. Given that these figures are in real terms, i.e. they are corrected for inflation; the cost increases are remarkably high. The variation in trips per person is also quite large, and it is interesting to note that travel demand has fallen in most counties. In the early 90:s electronic counting systems were introduced, replacing manual counting as a means to gather data on patronage. This might have improved the quality of data but there is no evidence that there is systematic differences before and after this occurred. (I.e. manual counting did not systematically over-or understate the number of trips made) There are of course always potential problems when comparing data over long periods of time but there have been no changes in how the data was defined over the observed time period. The proportion of different modes of transport used have changed somewhat (even though the between county variations are much higher) but as mentioned before, the choice of how to transport the passengers can be seen as a decision (a choice of production technology) affecting efficiency. Data on the proportion of different modes are available on county level for 2006 -2009 but before that it is only reported as an national aggregate. Table 2 show the proportion of trips made by bus in each county.
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Results
The results from the estimation 9 of equation (6) excluding the individual, time dependent county effects (due to their number), can be seen in Table 3 . The first order terms, as well as most of the other variables, are statistically significant. Table 3 shows that the degree of urbanisation also has a negative impact on the cost level, which is to be expected since it is reasonable to assume that it is less costly to provide public transport where density of demand is high.
Efficiency levels were calculated for the individual counties as well as for the entire industry using the aforementioned definitions of efficiency (equation 7). The rather striking change in efficiency is shown in Figure 2 . It appears that the efficiency level of the industry has been falling throughout the observed period. 11 It is possible to provide a figure like figure 1 for each county but this is not done since it would require a lot of space and does not change the conclusions. Table 4 one can see that the most efficient PTA during the eighties was Kronoberg, followed by Halland and Jönköping. It is interesting to note that in terms of costs per passenger only, Kronoberg ranked 19 th for this period. On the other hand, the county of Uppsala, ranking 2 nd in terms of costs per passenger, is ranked 14 th in efficiency. The most surprising observation is perhaps that a majority of the counties appear to operate on an efficiency level above 90%; the average industry efficiency for the period being 85.7%. Table 5 shows the average efficiency levels for the nineties as well as the county ranking and the corresponding ranking for the eighties. The average efficiency level for the time period has fallen to 73%. Kronoberg is still ranked number one, but the county of Blekinge has taken second place. Although there are changes in the ranking of counties, these are rather small. Turning to Table 6 , showing the efficiency levels for the last decade (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) , there have been some noteworthy changes. Västmanland and Västernorrland have both climbed rather high in the rankings from previously low positions, while Jönköping has fallen to the middle. The average industry efficiency during the period is 61.4%. The rankings in Table 6 can also be compared to those presented by Söderberg (2009) who performed efficiency analysis of public transport authorities in Sweden for the years 2002 to 2006. Söderberg (2009) used DEA 12 where output was defined in terms of different qualitative indices measured in surveys among users of public transport. In his study, Västmanland was found to be the most efficient county while Örebro and Halland placed second and third. Västmanland places high in both studies, as does Halland. Örebro appears less efficient according to this study than in Söderberg (2009) . According to Söderberg (2009) the bottom five consisted of (starting with the least efficient) Jämtland, Uppsala, Stockholm, Västerbotten and Västra Götaland. Jämtland and Stockholm perform better according to the present study, while the others perform relatively poorly in both studies. Skåne, which is often portrayed as a success story, places fifth from the bottom in the present study, while being the fourth most efficient in Söderberg (2009) . When considering the results of Söderberg (2009) it is important to acknowledge that by using a output variable reflecting the views of people already using public transport it reflects the PTAs efficiency in satisfying there present costumers that, as the system works today, are captive riders. Using number of passengers, as in this study, give a better reflection of their efficiency in providing public transport to large numbers and therefore be a potential alternative to car use.
Explaining the development
Given such striking negative development one has to wonder; how could this have happened? Cost efficiency could be decomposed into technical efficiency (TE) and allocative efficiency AE so that (e.g. Coelli et.al. (2005) :
Or if constant returns to scale is assumed:
In order to be cost efficient, a producer needs to choose the right mix of inputs, i.e. achieve allocative efficiency, as well as use the inputs in a technically efficient manner, i.e. achieve technical efficiency . (e.g. Bogetoft and Otto, 2011) Therefore changes in cost efficiency could be sought in either change in technical efficiency or allocative efficiency. Due to lack of data on the actual amounts of inputs used by the counties it is not possible to perform a formal decomposition but it is possible to discuss what might be viable candidates as explanations for the development.
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Looking at what important changes that has taken place during the observed time period two major candidates for explaining the development emerges. The first is the increased emphasis on accessibility of the public transport network. This has been an ongoing process since 1979 when a new law required that the public transport system should be made available to people with disabilities (this includes the elderly that may have decreased mobility due to age). According to the law, the public transport system was to be made accessible and the changes were to be implemented "at the rate, and to the extent possible given the technical and economic limitations facing the public transport authorities"
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. (Act 1979:558) In practice, significant changes in accessibility began taking place in the 1990:s and in 2000 the Swedish parliament voted yes to a national Plan of action for disability policy that further stressed the importance of accessibility in the transport system. (Act 1999 (Act /2000 . Besides having vehicles with low floors, space for wheelchairs and easily accessible seats etc., it has become common practice to define accessibility to the public transport system in terms of having less than 400 meters to the nearest bus stop. It can be seen that the proportion of urban population having less than 200 meters to the closest access point for public transport (bus, or tram stop) have increased by 12 % between 1980 12 % between and 1995 12 % between . (Reneland, 1998 12 % between , 2000 There is no reason to think that this development has slowed down since then, national as well as local policy makers stress the fact that accessibility needs to be increased further and, in fact, many municipalities now include in their local regulations that no one living in urban areas should have more than 400 meters to a bus stop. (Ljungberg, 2007) In addition to this, there has been an increase in the safety and environmental demands on busses used for public transport. There is now a requirement that busses used outside of urban areas should have seatbelts and in many counties bio-fuel are used in urban traffic. This is not to say that this development is without benefits, clearly making society accessible to all, caring for the environment and increasing safety are important goals but it is also important to remember that no choice is without cost. If transport planners are required to plan the public transport system with restrictions in the placing of stops, costs per passenger will increase. Less direct or more routes have to be used in order to transport the passengers. In both cases, costs will increase and if less direct routes are used, increased time costs will result in falling demand and hence higher cost per passenger. Making the system more accessible to the disabled and old might also increase boarding times 15 resulting in a loss of other passengers due to increased time costs. In addition to this, imposing restrictions on the type of fuel used and increased safety regulations will also increase costs.
Another development that might be part of the explanation for the negative development for cost efficiency is the shift in production technology from bus to rail. As previously argued, the efficient combination of transport modes used for transporting passengers varies by the volume demanded. At a low demand level, bus is more cost efficient while at high demand levels heavy train is the most efficient option with light rail and BRT options being efficient in between. (e.g. Tirachini et.al. 2010) Figure 3 show that the public transport system in Sweden has decreased its reliance on bus, and instead shifted some of the traffic to rail. Parallel to this development, demand has fallen in most counties (see table 1.) and it is therefore unlikely that rail is a more efficient choice of mode now than it was in the 80:s or 90:s. 16 In addition to this, it should also be mentioned that the demand levels in the sparsely populated country of Sweden are quite low outside of the three areas in which the three largest cities (Stockholm, Gothenburg and Malmö) is located. If this is so, why has rail based solutions become more common? It can be seen that rail is often advocated by politicians and is often associated with an idea of environmental friendliness. (See e.g. Nilsson and Pyddoke, 2009 for a discussion on the perception of train as being environmentally friendly) Therefore, in terms of (8), it is suggested that at least part of the observed decrease in cost efficiency could be attributed to changes in technical efficiency. Technical efficiency should in this context be understood broadly. Given a certain demand level, choosing the most efficient way of transporting those passengers include choosing the correct mode of transport as well as the planning the most efficient public transport network. It might therefore be argued that the increased emphasis on accessibility has reduced the efficiency of the system, if production is measured in terms of the number of passengers transported, as it requires less efficient routing and longer boarding times. At the same time the increased emphasis on using rail despite low, and falling, demand levels would is also likely to have decreased the efficiency of the system. So far the discussion has focused on the question of technical efficiency, depending on your definition of capital the choice of employing more trains and less busses in the system could also be seen as a change in the mixture of inputs in which case the decreased cost efficiency could be attributed to reduced allocative efficiency as well.
Conclusions
The analysis has shown that the average industry efficiency has decreased substantially during the observed period . Defined as the ratio of minimum cost to observed cost, the average industry efficiency during the eighties was found to be 85.7%, while the corresponding figure for 2000-2009 was 61.4%. Cost efficiency has fallen in all counties but in some more than others, resulting in changes in the relative efficiency, i.e. the efficiency ranking of the counties. These results are also reflected in the figures presented in Table 1 , which shows increases in the real costs per trip vary from 28% to 228% between 1986 and 2009.
The reasons for the decreasing efficiency in the industry are not formally explored due to lack of sufficient data. However, a few possible explanations are offered in the previous section. First of all, there has been an on-going development in which different kinds of restrictions are imposed on the network design and on the vehicles that are to be used. Increased emphasis on making the public transport system more accessible to the disabled and the elderly have put restraints on where bus stops can be placed since most municipalities now require short walking distances for all their inhabitants. The use of low floor busses and giving assistance to people boarding will increase time cost and reduce patronage. Costs might also be increased due to higher environmental and safety standards. It is important to stress that this is not necessarily bad as long as they are chosen as part of a conscious strategy for public transport. Such requirements will increase the costs and unless more money is spent on public transport the service quality for other users are likely to fall. (Even though they might gain a cleaner environment, unless those leaving public transport start using the car instead) This illustrates the problem of introducing new goals and requirements without providing additional funding.
The other potential explanation offered is a shift in production technology. A larger proportion of the production (the transportation of passengers) is now undertaken using train instead of bus. This is despite the fact that patronage is falling and train is more efficient in situations where demand is high and bus is more efficient when demand is lower. Such shift will also increase costs. An important point that is sometimes forgotten in practical transport policy is that no single transport mode can be considered best in all contexts.
Another thing that might be interesting to mention is that in most current discussions on public transport in Sweden, the county of Skåne is portrayed as a success story and a role model for others to take after. (e.g. the report on which the new public transport regulations from 2012 is founded, SOU, 2009:39) This might partly be due to the massive increase in patronage since the county (region) was formed in 1999. However, in this study Skåne place in the bottom of the efficiency ranking. The reason for this is that, given their high levels of patronage, large population and high degree of urbanization, they should be able to produce at an even lower cost.
Another point of interest could be seen by comparing figure 1 and figure 2. It is apparent that the introduction of competitive tendering has not been enough to compensate for the negative effects of other developments although the situation might have been worse without it.
